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We constrain f(R) and chameleon-type modified gravity in the framework of the Berstchinger-
Zukin parametrization using the recent released Planck data, including both CMB temperature
power spectrum and lensing potential power spectrum. Some other external data sets are included,
such as baryon acoustic oscillations (BAO) measurements from the 6dFGS, SDSS DR7 and BOSS
DR9 surveys, Hubble Space Telescope (HST) H0 measurement and supernovae from Union2.1 com-
pilation. We also use WMAP9yr data for consistency check and comparison. For f(R) gravity,
WMAP9yr results can only give quite a loose constraint on the modified gravity parameter B0,
which is related to the present value of the Compton wavelength of the extra scalar degree of
freedom, B0 < 3.37 at 95%C.L. We demonstrate that this constraint mainly comes from the late
Integrated Sachs-Wolfe effect. With only Planck CMB temperature power-spectrum data, we can
improve the WMAP9yr result by a factor 3.7 (B0 < 0.91 at 95%C.L.). If the Planck lensing poten-
tial power-spectrum data are also taken into account, the constraint can be further strenghtened by
a factor 5.1 (B0 < 0.18 at 95%C.L.). This major improvement mainly comes from the small-scale
lensing signal. Furthermore, BAO, HST and supernovae data could slightly improve the B0 bound
(B0 < 0.12 at 95%C.L.). For the chameleon-type model, we find that the data set which we used
cannot constrain the Compton wavelength B0 and the potential index s of chameleon field, but can
give a tight constraint on the parameter β1 = 1.043
+0.163
−0.104 at 95%C.L. (β1 = 1 in general relativity),
which accounts for the non-minimal coupling between the chameleon field and the matter compo-
nent. In addition, we find that both modified gravity models we considered favor a relatively higher
Hubble parameter than the concordance ΛCDM model in general relativity.
I. INTRODUCTION
Cosmic acceleration can arise from either an exotic
form of energy with negative pressure, referred to as
“dark energy”, or a modification of gravity manifesting
on large scales. As shown in [1–3], at the the back-
ground level dark energy and modified gravity models
are almost indistinguishable, hence one needs to inves-
tigate the perturbation dynamics. The studies of per-
turbation theory in modified gravity models, in princi-
ple, can be classified in two different frameworks: the
parametrization approach and the non-parametrization
method, such as the principal component analysis [4–
6]. In this paper we focus on the former. There exist
several phenomenological/theory-oriented parametriza-
tions of modified gravity, such as the Bertschinger-Zukin
[7] and the Brax-Davis-Li-Winther [8] parametrizations.
These parametrizations are mainly suitable for the quasi-
static regime, where the time evolution of the gravita-
tional potentials is negligible compared with their spa-
tial gradient. Furthermore, if we focus on the linear
fluctuation dynamics, for which the equations in Fourier
space can be reduced to simple algebraic relations, these
techniques allow us to perform some analytic calcula-
tions which make the parametrization technically effi-
cient. However, if we want to go beyond the quasi-static
regime, while remaining in the linear perturbation frame-
work, the parametrization of modified gravity becomes
more complex. This is because on the largest scales,
especially the super/near-horizon scales, the time evo-
lution of the gravitational potentials is no longer negli-
gible, the time derivative terms dominate the dynami-
cal equations, which means that we need to solve some
temporal ordinary differential equations. Actually, there
exists some debate about the range of validity of the var-
ious parametrizations. For example, on one hand, as
shown in [9], using a parametrization with insufficient
freedom significantly tightens the apparent theoretical
constraints. On the other hand, for some specific modi-
fied gravity models some phenomenological parametriza-
tions works quite well; for instance the authors of [10]
recently demonstrated that for the small Compton wave-
length case in the f(R) model, the Bertschinger-Zukin
parametrization [7] is practically good enough for the cur-
rent data analysis purpose. This is because, on the scales
larger than the Compton wavelength the deviation from
general relativity is suppressed. Below the Compton scale
the gravitational potential growth is enhanced and the
two metric potentials are no longer equal. Consequently,
for the small Compton wavelength case, whose value is
less than current horizon size, the most significant modifi-
cations w.r.t. general relativity occur in the sub-horizon
regime. In addition to the above explicit parametriza-
tions, some quite generic frameworks to study different
modified gravity scenarios have also been proposed, such
as the Parameterized Post-Friedmann (PPF) formalism,
including the Hu-Sawicki approach [11, 12], its calibra-
tion version [13] and Baker-Ferreira-Skordis-Zuntz algo-
rithm [14, 15], and Effective Field Theory (EFT) ap-
proaches [16–23].
On the observational point of view, many windows
have been proposed to constrain modified gravity mod-
2els, such as the Integrated Sachs-Wolfe (ISW) effect [24]
in Cosmic Microwave Background (CMB) anisotropies,
including CMB power spectrum [5, 25–29], CMB ISW-
Lensing bispectrum [32, 33], baryon acoustic oscillations
(BAO) measurements [29–31], the galaxy-ISW cross cor-
relation [29, 34–36], cluster abundance [37–40], peculiar
velocity [41, 42], redshift-space distortions [45, 46], weak-
lensing [5, 27, 29, 35, 42–44, 47–52], 21cm lines [53, 54],
matter power spectrum and bispectrum [55–58]. In ad-
dition, recently some N-body simulation algorithms in
modified gravity models have been developed [59–61].
As shown in [36, 38, 56], with WMAP resolution the
modification effects on the CMB mainly come from the
ISW effect, which becomes prominent on the largest
scales. However, due to the unavoidable cosmic vari-
ance on large scales, the constraints from these effects
are not significant. On the other hand, since the typ-
ical modification scales are in the sub-horizon regime,
several studies show that the most stringent constraints
come from the large-scale structure data sets. For ex-
ample, the strongest current constraint on f(R) gravity
(B0 < 1.1×10
−3 , 95%C.L.) [38] is obtained through clus-
ter abundance data sets. Various previous results show
that the main constraint on modified gravity comes from
galaxy or cluster scales which corresponds to the multi-
pole range l & 500 in CMB data, where lensing effect is
no longer negligible. The recent release of Planck data
[62] provides us with a fruitful late-time information both
on the ISW and lensing scales, which is encoded in the
CMB temperature power-spectrum [63] and lensing po-
tential power-spectrum [64] and CMB temperature ISW-
Lensing bispectrum [65, 66]. The full sky lensing poten-
tial map has been firstly measured and the significance
of the amplitude of the lensing potential power-spectrum
arrives at the 25σ level. The ISW-Lensing bispectrum
is also firstly detected with nearly 3σ significance. Fur-
thermore, through the lensing potential reconstruction
and the ISW-Lensing bispectrum, the ISW effect is also
firstly detected via the CMB itself. All in all, with its
high resolution the Planck mission provides us with fruit-
ful information about the universe late-time acceleration.
For example, the authors of [67] shows that the joint anal-
ysis of Planck and BAO data could greatly improve the
Brans-Dicke parameter ω constraint. Further new con-
straint results related with modified gravity/dark energy
can be found in [68–72].
Due to these considerations, in this paper we investi-
gate the power of the Planck data sets in constraining
modified gravity scenarios. In order to break the param-
eter degeneracies, apart from Planck data sets, we also
use some external astrophysical data sets, such as BAO
measurements from the 6dFGS, SDSS DR7 and BOSS
DR9 surveys,H0 from HST measurement and supernovae
from Union2.1 compilation. We also use WMAP9yr data
for consistency check and comparison. Because of the
simplicity of the Bertschinger-Zukin parametrization, in
this paper we study the modified gravity theory through
this method.
II. BERTSCHINGER-ZUKIN
PARAMETRIZATION
As pointed out in [8], a large class of modified gravity
theories, e.g., chameleon [73, 74], symmetron [75–77] and
dilaton [78] models can be characterized by the mass of a
suitable scalar field and the coupling between the scalar
field and baryonic/dark matter components. In the Ein-
stein frame, where the gravitational sector is the standard
Einstein-Hilbert action, the scalar field is exponentially
coupled with the matter sector
SE =
∫
d4x
√
−g˜
[
M2pl
2
R˜ −
1
2
g˜µν(∇˜µφ)(∇˜νφ)− V (φ)
]
+ Si(χi, e
−καi(φ)g˜µν ) , (1)
where the Einstein frame metric g˜µν is related to the Jor-
dan frame one gµν through a conformal transformation
g˜µν = e
καi(φ)gµν , (2)
and χi denotes the matter components.
Inspired by some nice properties in the quasi-static
regime of f(R) model, Bertschinger and Zukin in [7] first
write the two gravitational potentials in the conformal
Newtonian gauge 1 in terms of two observation-related
variables, the time- and scale-dependent Newton’s con-
stant Gµ(a, k) and the so-called gravitational slip γ(a, k)
k2Ψ = −4piGa2µ(a, k)ρ∆ , (3)
Φ
Ψ
= γ(a, k) , (4)
where G is the Newton’s constant in the laboratory. The
corresponding Einstein-Boltzmann solver named MG-
CAMB is implemented in [49, 79]. In this paper, we im-
plement the same algorithm in the new version of CAMB
[80] which is compatible with the Planck likelihood.
In the following sections, we will study f(R) gravity
and the quite general chameleon-type model in the frame-
work of the Bertschinger-Zukin parameterized modified
gravity method, by using the Planck [63, 64] WMAP9yr
[81, 82] and some external astrophysical data.
A. f(R) model
Due to the simplicity of its Lagrangian, f(R) grav-
ity obtained a lot of attention, (see the recent review
[83] and references therein) especially as an illustration
of the chameleon mechanism. Besides the simplicity of
the structure of this theory, there exist two more rea-
sons for the interest it attracted. One is that the form
of the function f(R) can be engineered to exactly mimic
1 We take the convention that ds2 = −(1+2Ψ)dt2+a2(1−2Φ)dx2 .
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FIG. 1. Two-dimensional contour diagram of B0 and H0.
The appearance of the upper dark gray area is due to the
non-linear dependence of the ISW effect on B0.
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FIG. 2. The likelihood of B0. The second peak in the gray
curve is due to the non-linear dependence of ISW effect on
B0.
any background history via a one-parameter family of
solutions [2]. The second reason is that f(R) gravity
can slightly better fit than at ΛCDM, which can be at-
tributed to the lowering of the temperature anisotropy
power spectrum at small l regime [38]. In this paper
we consider the class of f(R) gravity models which can
mimic a ΛCDM background.
Because of the higher order derivative nature of f(R)
gravity, there exist a scalar degree of freedom, named
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FIG. 3. Full set of parameter likelihoods in f(R) gravity.
scalaron fR ≡ df/dR with mass
m2fR ≡
∂2Veff
∂f2R
=
1
3
(
1 + fR
fRR
−R
)
. (5)
Then the Compton wavelength of the scalaron reads
λfR ≡ m
−1
fR
. (6)
Usually, it is convenient to use the dimensionless Comp-
ton wavelength
B ≡
fRR
1 + fR
R′
H
H ′
, (7)
with fRR = d
2f/dR2 and ′ = d/d ln a.
In the Bertschinger-Zukin parametrization [7], the ex-
plicit expressions of the functions µ(a, k) and γ(a, k) for
f(R) gravity read
µ(a, k) =
1 + 43λ
2
1k
2a4
1 + λ21k
2a4
, (8)
γ(a, k) =
1 + 23λ
2
1k
2a4
1 + 43λ
2
1k
2a4
, (9)
based on the quasi-static approximation. The above
parametrization is improved by Giannantonio et. al.
in [34] to take the ISW effect into account through some
empirical formula
µ(a, k) =
1
1− 1.4 · 10−8|λ1|2a3
1 + 43λ
2
1k
2a4
1 + λ21k
2a4
. (10)
4Due to this reason, in our numerical calculation we use
(10) instead of the original expression (8).
Through a few simple computations, one can easily find
that λ1 is nothing but the present Compton wavelength
λ21 = B0c
2/(2H20 ). Remember that Song et. al. in [2]
pointed out that there exists a one-parameter family so-
lution in f(R) gravity which could mimic any background
evolution. Conventionally, we choose this one-parameter
family labeled by the Compton wavelength at present B0
or λ21 in the Bertschinger-Zukin parametrization. Given
the above analysis, we can see that in f(R) gravity, com-
pared with the concordance ΛCDM model, there is only
one extra parameter, B0, which makes the effects of grav-
itational modification quite manifest.
B. Chameleon-type model
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FIG. 4. Two-dimensional contour of β1 and H0.
The chameleon models [73, 74] are characterised by
a runaway potential and a nearly constant coupling
α. Since the f(R) model can be seen as a specific
chameleon model, it is straightforward to generalize the
Bertschinger-Zukin parametrization for f(R) gravity (8)
and (9) into
µ(a, k) =
1 + β1λ
2
1k
2as
1 + λ21k
2as
, (11)
γ(a, k) =
1 + β2λ
2
2k
2a4
1 + λ22k
2a4
, (12)
where the parameters need to satisfy the following rela-
tion
β1 =
λ22
λ21
= 2− β2
λ22
λ21
, (13)
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FIG. 5. Full set of parameter likelihoods in chameleon-type
model.
and 1 ≤ s ≤ 4. Via the above constraints the number of
free parameters can be reduced to 3, usually, one choose
them as (s, β1, λ1). In [34, 79] this kind of parametriza-
tion is called Yukawa-type models, due to the Yukawa-
type interaction between dark matter particles.
Because of the non-minimal coupling, the dynamics of
the scalar field is determined jointly by the scalar field
and the matter component, for example, the effective po-
tential of the scalar field is defined by
Veff(φ) = V (φ) + ρ¯ie
καi(φ) , (14)
which gives an effective mass of chameleon field
m2 = V ′′eff = V
′′ − κ(α′′ + α
′2)V ′ , (15)
where primes denote differentiation w.r.t. the field. For
simplicity, here we assume that the chameleon field cou-
ples to all the matter components uniformly. Following
some calculations as in [49, 74], we can obtain the follow-
5ing relations
α1+s/2 =
m0
m
,
λ21 =
1
m20
,
λ22 =
1
m20
(
1 +
α
′2
2
)
,
β1 = 1 +
α
′2
2
,
β2 =
2− α
′2
2 + α′2
, (16)
wherem0 is the chameleon effective mass at present. Fur-
thermore, for the inverse power-law potential V (φ) ∝
φ−n case, with n > 0, we have
n =
4− s
s− 1
. (17)
Here λ1 can be replaced with the conventional parame-
ter B0, with the same expression in f(R) model, namely
λ21 = B0c
2/(2H20 ). Through the above relations, we can
easily see that the parameters β1, B0 and s correspond
to the non-minimally coupling between chameleon field
and matter sector, the relative Compton wavelength of
chameleon field and the potential index of chameleon
field, respectively. Moreover, the general relativity limit
corresponds to β1 = 1, B0 = 0, s = 4 [49].
III. DATA ANALYSIS METHODOLOGY
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FIG. 6. The non-linear dependence of the ISW effect on B0
in f(R) gravity.
The purpose of this paper is to test possible deviations
from general relativity on various cosmic scales by using
the recent Planck data, including both the CMB temper-
ature and lensing potential power-specta and also some
external astrophysical data sets. In the following section,
we will briefly review the Planck likelihood and data set
which we used in this work.
The total Planck CMB temperature power-spectrum
likelihood is divided into low-l (l < 50) and high-l
(l ≥ 50) parts. This is because the central limit theorem
ensures that the distribution of CMB angular power spec-
trum Cl in the high-l regime can be well approximated
by a Gaussian statistics. However, for the low-l part the
Cl distribution is non-Gaussian. For these reasons the
Planck team adopts two different methodologies to build
the likelihood. In detail, for the low-l part, the likeli-
hood exploits all Planck frequency channels from 30 to
353 GHz, separating the cosmological CMB signal from
diffuse Galactic foregrounds through a physically moti-
vated Bayesian component separation technique. For the
high-l part, the Planck team employ a correlated Gaus-
sian likelihood approximation, based on a fine-grained
set of angular cross-spectra derived from multiple detec-
tor combinations between the 100, 143, and 217 GHz
frequency channels, marginalizing over power-spectrum
foreground templates. In order to break the well-known
parameter degeneracy between the reionization optical
depth τ and the scalar index ns, the Planck team as-
sumed the low-l WMAP polarization likelihood (WP).
Apart from the CMB power-spectrum, the first Planck
data release provides for the first time a full-sky lensing
potential map, by using the 100, 143, and 217 GHz fre-
quency bands with an overall significance greater than
25σ. As we know, the lensing potential distribution fol-
lows that of the large-scale structures which form and
grow mainly in the late-time universe. Thus, this map
carries fruitful information about dark energy/modified
gravity in this period. Hence, we expect that the lensing
potential power-spectrum could provide us with a strin-
gent constraint on deviations from general relativity.
Given the above considerations, we perform our pa-
rameter estimation algorithms by using two different
data sets from the Planck mission, namely the Planck
CMB power-spectrum [63] and lensing potential power-
spectrum [64]. In order to compare with the previous
WMAP results, we also do the same analysis by using the
WMAP9yr data [82]. Furthermore, in order to break the
parameter degeneracies we also use some other external
data sets, including baryon acoustic oscillations (BAO)
measurements from the 6dFGS [86], SDSS DR7 [87], and
BOSS DR9 [89] surveys, Hubble Space Telescope (HST)
Key Project [90] H0 measurement and supernovae from
Union2.1 compilation [92]. For BAO data sets, we use
three redshift survey: the 6dF Galaxy Survey measure-
ment at z = 0.1, the reanalyzed SDSS-DR7 BAO mea-
surement [88] at effective redshift zeff = 0.35, and the
BOSS-DR9 measurement at zeff = 0.2 and zeff = 0.35.
For the direct measurement of the Hubble constant, we
use the result H0 = 73.8 ± 2.4kms
−1Mpc−1 [91], which
comes from the supernova magnitude-redshift relation
calibrated by the HST observations of Cepheid variables
in the host galaxies of eight SNe Ia. For supernovae,
6Parameter Range (min, max)
Ωbh
2 (0.005, 0.100)
Ωch
2 (0.01, 0.99)
100ϑ∗ (0.5, 10.0)
τ (0.01, 0.80)
ns (0.5, 1.5)
ln(1010A2s) (2.7, 4.0)
MG parameters f(R) Chameleon
B0 (0, 10) (0, 1)
β1 4/3 (0.001, 2)
s 4 (1, 4)
TABLE I. List of the parameters used in the Monte Carlo
sampling.
we use the Union2.1 compilation, consisting of 580 SNe,
calibrated by the SALT2 light-curve fitting model.
As previously stated, we implement the same algo-
rithms of MGCAMB [49, 79] in the new version of
CAMB [80], which is compatible with the Planck like-
lihood. We sample the cosmological parameter space,
which can be read in Tab.I, with a Markov Chain Monte
Carlo (MCMC) method with the publicly available code
CosmoMC [84].
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FIG. 7. The second and third peaks in f(R) gravity. The
larger B0 is the lower the third peak is.
IV. RESULTS AND DISCUSSION
As a first step we checked the reliability of the code in
the general relativity limit (B0 = 0 for f(R) gravity case,
B0 = 0, β1 = 1, s = 4 for a chameleon-type model). We
find that our results are in quite good agreement with the
Planck results [85]. Here we show our consistency check
for the f(R) case explicitly in Tab. II.
The global analysis results for f(R) gravity can be read
in the second, third, fourth and fifth columns of Tab.
II, which are based on WMAP9yr, Planck + WP, and
Planck + WP + lensing and Planck + WP + lensing +
BAO + HST + Union2.1 data sets.
Firstly, we can see that Planck CMB temperature
power-spectrum with WP can give an upper bound
of B0 < 0.91 (hereafter we quote the significance at
95%C.L. for modified gravity parameter, such as B0 and
β1). Compared with the WMAP9yr result, B0 < 3.37, it
improves the upper bound by a factor 3.7. Secondly, by
adding lensing data the results can be further improved
by a factor 5.1 (B0 < 0.18). Finally, we arrive at our best
bound of B0 < 0.12 by using all data sets. In addition,
we notice that, due to the degeneracy between B0 and
the dark matter density, the Planck data prefer a slightly
lower value of Ωch
2 in f(R) model. Consequently, this
implies that f(R) gravity favors a slightly larger value
of H0. This can be helpful to relax the tension between
Planck and the other direct measurements of the Hubble
parameter, such as that from the HST [90]. The degen-
earcy between B0 and Ωch
2 is illustrated in Fig. 7, where
it is evident that we can fit a lower value of the third
peak by increasing B0 while keeping Ωch
2 fixed.
Marginalized likelihoods for all the parameters are
shown in Fig. 3. We also highlight the 2D likelihood
in the parameter space of B0 and H0 in Fig. 1 and the
marginalized likelihood for B0 in Fig. 2. Let us notice
that the B0 likelihood from WMAP9yr data (gray curve)
has a prominent second peak around B0 = 2.5. This is
due to the non-linear dependence of the ISW effect on B0
in f(R) gravity. Since with WMAP resolution the lens-
ing signal is quite weak, the main contribution to the B0
constraint in WMAP data comes from the ISW effect. As
shown in Fig. 6, under our parameter value choice (we
fix all the other cosmological parameters as the mean val-
ues of the Planck base ΛCDM model), from B0 = 0 to
B0 ∼ 1 the slope of the spectrum in the ISW-dominated
regime becomes gradually flat and approaches the Sachs-
Wolfe plateau. After that, if one continues to increase
till B0 ∼ 2, the power-spectrum will bounce again and
get closer to that of general relativity. If one further
increases the B0 value, the spectrum curve in the ISW
regime will rise up above that of general relativity. More-
over, once we marginalize over all the other cosmological
parameters, the turning point B0 ∼ 1 will shift to around
B0 ∼ 1.5, and the second peak B0 ∼ 2 moves to B0 ∼ 2.5.
Compared with f(R) gravity, the chameleon-type
model includes the other two free parameters β1 and
s, which are fixed to 4/3 and 4 in the former case.
Due to the amount of extra modified gravity parame-
ters and the degeneracy among them, we find that the
Planck constraints on the parameters B0 and s are still
quite loose, with no obvious improvement when compar-
ing to WMAP9yr results. However, we are able to im-
prove the constraints on β1: we find β1 = 1.043
+0.163
−0.104
at 95%C.L. compared with β1 = 0.893
+0.647
−0.695 at 95%C.L.
from WMAP9yr. The detailed global analysis results
7GR limit:Planck+WP BZ:WMAP9yr Planck+WP +lensing +BAO+HST+Union2.1
Parameters Best fit 68% limit Best fit 68% limit Best fit 68% limit Best fit 68% limit Best fit 68% limit
Ωbh
2 .02266 .02206±.00028 .02270 .02271±.00052 .02250 .02253±.00031 .02227 .02247±.00031 .02232 .02244±.00026
Ωch2 .1201 .1198±.0027 .1147 .1134±.0046 .1178 .1164±.0026 .1173 .1151±.0026 .1180 .1157±.0016
100θ 1.04151 1.04132±.00063 1.0410 1.0405±.0023 1.0420 1.04190±.00065 1.0418 1.0419±.00064 1.0413 1.0418±.00057
τ .083 .090±.013 .086 .090±.014 .077 .087±.013 .103 .085±.013 .092 .084±.012
ns .9601 .9607±.0073 .973 .974±.014 .967 .970±.0075 .970 .971±.0076 .965 .970±.0056
log(1010As) 3.077 3.090±.025 3.092 3.093±.031 3.063 3.078±.025 3.111 3.070±.024 3.091 3.069±.024
B0 —— —— .015 <1.94(3.37) .121 <.38(.91) .023 <.054(.18) .0044 <.041(.12)
ΩΛ .684 .685±.016 .715 .719±.026 .701 .707±.015 .702 .713±.015 .697 .711±.0092
H0[km/s/Mpc] 67.25 67.34±1.19 69.59 69.92±2.23 68.64 69.09±1.24 68.56 69.54±1.26 68.15 69.27±.76
χ2
min
/2 4902.724 3779.201 4900.427 4907.413 4975.704
TABLE II. Best-fit values and 68% confidence limits for f(R) gravity (and 95% confidence limits in parenthesis for B0). The
first column shows the consistency check of the code in the general relativity limit.
CM: WMAP9yr CM: Planck+WP +lensing +BAO+HST+Union2.1
Parameters Best fit 68% limit Best fit 68% limit Best fit 68% limit Best fit 68% limit
Ωbh
2 .02279 .02286±.00059 .02256 .02241±.00035 .02226 .02225±.00032 .02240 .02235±.00026
Ωch
2 .1184 .1122±.0052 .1168 .1171±.0031 .1162 .1174±.0029 .1168 .1166±.0017
100θ 1.0391 1.0406±.0024 1.04158 1.04174±.00068 1.04183 1.04158±.00065 1.04159 1.04173±.00057
τ .092 .090±.015 .088 .087±.013 .089 .088±.013 .090 .089±.013
ns .9879 .9825±.019 .9686 .9676±.0084 .9659 .9658±.0079 .9698 .9678±.0057
log(1010As) 3.131 3.092±.033 3.082 3.079±.026 3.079 3.081±.025 3.085 3.080±.025
β1 0.954 0.893
+0.647
−0.695 1.127 1.148
+0.274
−0.194 1.033 1.027
+0.140
−0.114 1.020 1.043
+0.163
−0.104
B0 0.496 —— 0.849 —— 0.473 —— 0.079 ——
s 1.143 —— 3.398 —— 3.152 —— 3.635 ——
ΩΛ .691 .726±.029 .705 .703±.018 .701 .700±.017 .704 .705±.0098
H0[km/s/Mpc] 67.64 70.58±2.59 68.88 68.73±1.46 68.93 68.43±1.36 68.75 68.82±.78
χ2min/2 3778.939 4900.274 4907.445 4975.853
TABLE III. Best-fit values and 68% confidence limits for chameleon-type model(and 95% confidence limits in parenthesis for
β1).
can be found in Tab. III and Fig. 5. Confidence re-
gions in the β1-H0 plane, after marginalizing over the
other parameters, are shown in Fig. 4. One could no-
tice that the value β1 = 4/3, corresponding to f(R)
models, is well outside the 3σ confidence region. How-
ever this does not rule out f(R) model by any means
given the very loose constraints on the other two rele-
vant f(R) parameters B0 and s. In Fig. 8, we com-
pare the likelihood of β1 with(out) marginalization over
B0 by using Planck+WP+Lensing+BAO+HST+Union2
data sets. It clearly shows that the stringent constraint
on β1 is due to the marginalization effect on B0, whose
constraint is very loose for the chameleon-type model via
current data sets. And we have alse tested that if we fix
B0 = 0.001 and use the same data sets, the marginalized
2σ confidence level for β1 is 0.971
+0.700
−0.746, which reconciles
with f(R) gravity very well. We can also see in Tab. III
that the chameleon-type model favors a slightly higher
Hubble parameter, for the same reason as explained for
f(R) gravity.
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